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Abstract 
The main objective of this paper is connected with computational modeling and metallographic investigation of the production 
process of cartridge brass casing for various stages of its forming. Moreover, the mutual correlation of the obtained results was 
carried out. Forming process belongs to the most advanced technologies in mechanical engineering because it allows producing 
a large number of products in a short time with sufficient material utilization. Geometric and computational modeling of the 
individual drawing steps was performed in program MARC which is used for the calculation of cold forming process for metal 
materials. The given program is based on solving of nonlinear finite element analysis. The aim of the computer simulation was to 
determine the deformation changes in the semi-product material for individual drawing steps and it is especially connected with 
changes of dimensions and areas with the largest plastic deformation as well as decrease of the wall thickness. Metallographic 
evaluation was focused on change of the shape and size of grains after the individual technological procedures. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015.  
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1. Introduction 
Forming process is a technology relating to the change of the shape and properties of material by application of 
external forces with the resulting permanent deformation of material [1, 2]. The new properties which were obtained 
are possible to be changed. In relation to the technological forming processes, the unique property of the material is 
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used and this property is called plasticity. Plasticity enables to the change the material to required shape by influence 
of external forces. Plastic properties of metal materials can be changed from the aspect of their chemical 
composition and structural state and they depend on the conditions of the deformation process including 
temperature, stress state, strain rate [3]. Geometric and computational model of the process significantly reduces the 
costs relating to operating tests of forming process and allows evaluating of the influence of the forming process on 
change of the structure. Metallographic evaluation allows us to document the producing process of the cartridge 
brass casing at various stages of forming process and by this way, the mutual correlation is possible.  From the first 
point of view, the machining process with the occurrence of chips can be understood as one of the best of the 
possible producing processes of cartridge brass casings considering its shape but nowadays, the mentioned 
machining process is very inefficient because of its many disadvantages including energy inefficiency, long 
processing time, high amount of waste and need of additional operations etc. [4] Furthermore, the utilization of the 
casting process is not a good choice because the required quality and price affordability are not able to be obtained 
in relation to this production process. Cold drawing is progressive forming method used for the production of 
cartridge brass casings [5, 6]. This process provides simplicity of tools, machines and high surface quality after 
drawing. The technology has to be performed by using the interstage heat treatment – recrystallization annealing. 
This interstage heat treatment significantly influences the final properties of the cartridge brass casing. Graphic 
simulation of forming process was performed with help of the computational program MARC and metallographic 
evaluation was focused on changes in the shape and size of grains after the technological operations. This paper 
describes the production of cartridge brass casing from the semi-product to the final product while the drawing 
method is used. Experimental part includes geometric and computational model of the forming process for 
individual drawing steps and Brinell hardness test for comparison of the hardness of the samples before annealing 
and after annealing.  Metallographic evaluation of the samples after individual drawing steps was also connected 
with the evaluation of geometry and size of the grain. 
2. Experiment 
Using the shearing tool, the semi-product for the production of cartridge brass casing is produced by preparation 
of plate with thickness of 3.36 mm and diameter of 20.1 mm. Cartridge brass casings are commonly manufactured 
from materials known as cartridge brass. In terms of chemical composition, it is a binary brass and its basic 
chemical composition is usually based on 70% of Cu and 30% of Zn. According to STN EN 42 3210, the chemical 
composition of cartridge brass is shown in Table 1. The older designation of this material is MS70 [11]. Nowadays, 
the common or commercial designation is CuZn30. In some countries, CuZn28 brass (Ms72) is also considered as 
cartridge brass. 
   Table 1. The chemical composition of CuZn30 brass [11]. 
Element Cu Almax Femax Nimax Pbmax Snmax Others Zn 
Content (%) 69.0 – 71.0 max. 0.02 max. 0.05 max. 0.2 max. 0.05 max. 0.05 max. 0.1 residual element 
2.1. Numerical simulation of drawing process for cartridge brass casing 
The investigated cartridge brass casing is produced on the basis of three drawing steps. Computational modeling 
of the drawing steps was processed in program MARC which is used for the calculation of cold forming process for 
metal materials. MARC is based on solving of nonlinear analysis with usage of finite element method. Triaxial 
nonlinear stress occurs when metallic materials are formed. In relation to MARC, there is the processing of material 
elements during the calculation while mutual nodal connection is used for these material elements. Properties of 
forming material are assigned to elements. The material is characterized by its strength properties. The elastic 
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The result of computer processing of these data leads to these values: 
• degree of deformation (%), 
• dimension changes during individual drawing steps, 
• final decrease  of the wall thickness. 
The used special drawing tools were selected for the individual drawing steps. Moving tool is represented by the 
drawing punch and stationary tool is represented by the drawing die (matrix). The cooperation of the drawing punch 
and drawing die is strictly specified for each one drawing step: 
• the first one drawing step – drawing punch of 1 and drawing die of 1 
• the second one drawing step – drawing punch of 2 and drawing die of 2, 3, 4 
• the third one drawing step – drawing punch of 3 and drawing die of 5, 6  
The mentioned instruments represent the rotating body with defined axis of rotation. The strength of the forming 
machine is calculated from the force which is necessary for forming. After the each one drawing step, the 
determination of the total length of the “cup”, total plastic deformation, diameter and length of the final drawn shell 
was performed in Table 2. Graphic presentation of individual drawing steps is shown in Fig. 1. 








Diameter of the final 
drawn shell (mm) 
Length of the final 
drawn shell (mm) 
1 1 1728 185 14.72 11.98 
2 3 3409 77 12.712 24.55 
3 2 2312 81.7 11.63 44.718 
The final wall thickness, desired for the final cartridge brass casing, is 0.33 mm. 
 
Fig. 1. Presentation of individual drawing steps. 
3. Recrystallization annealing 
The recrystallization annealing is used for recovery of microstructure because the given microstructure is 
deformed plastically after the usage of the forming process [7, 8]. The resulting structure has to be uniform, 
equiaxial and the grain coarsening is not allowed. The fulfilment of these conditions depends on the optimal selected 
conditions of the recrystallization annealing including temperature and time interval of annealing considering the 
given specific degree of the deformation [9, 10]. The specific conditions referring to the technological process of 
recrystallization annealing [11]: 
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• the semi-products in the shape of “cups” are thermally treated in the rotating electric drum furnace where the 
temperature is 515 °C (+10, -5) and the and revolutions correspond to 1 revolution per 2 minutes; 
• before the annealing process is performed, the furnace has to be heated at least for 2 hours; 
• all of the components or parts have to be cleaned and dried before the annealing process is performed; 
• the furnace is not allowed to be cooled without help of the  rotating motion of the drum; 
• after the annealing process is finished, the furnace heating is turned off but the rotating motion of the drum has to 
be performed until the temperature is of the furnace is 100 °C and when the temperature of 100 °C is obtained, it 
is allowed to turn the furnace motor off.  
4. Brinell hardness test 
The hardness tester HPO – 250/AQ was used for performance of Brinell hardness test. In relation to this 
mentioned test, the steel slug with the diameter of 2.5 mm was used. According to the company specifications, the 
determined hardness of the cartridge brass casing has to be in the range from 60 to 85 HB. Representing the 
hardness, the values were measured in the bottom of the cartridge brass casing after the each one drawing step and 
after the each annealing process. The given obtained values are shown in Table 3. 
   Table 3. Average values representing the hardness after individual drawing steps – before and after annealing process 
Drawing step The sample before the annealing process The sample after the annealing process 
1 192.6 HB 75.5 HB 
2 202.6 HB 78.9 HB 
3 161.3 HB 79.1 HB 
Based on the obtained values, it can be seen that the given hardness values are markedly higher before the 
recrystallization annealing in comparison with hardness values after recrystallization annealing. In relation to all 
three drawing steps, the values representing the hardness are in accordance with the company hardness 
specifications which are from 60 to 85 of HB. Furthermore, the highest hardness value was measured for the first 
one drawing step after annealing process. The hardness values standing for the second and the third drawing step are 
mutually comparable. 
5. Metallographic evaluation 
The metallographic evaluation was closely connected with analysis of the structure including analysis of shape 
and size of grains. In relation to the brass “cups”, the suitable site for removal of samples was specified on the basis 
of the computational simulation because it was the best way for specification of the sites with the highest plastic 
deformation. The each one sample for metallographic observation was etched by etching agent based on ferric 
chloride. The microstructure of all samples was observed only after etching process and it consists of grains of α-
solid solution. From the aspect of the semi-product and samples after annealing process, the given microstructure is 
polyhedral with the equiaxial grains. In the case of some grains, the mechanism of twining can be observed. In 
relation to the samples investigated after the individual drawing steps, the grains are noticeably elongated in one 
direction and it is in direction of the forming process. The slipping plains can be seen in relation to the analysed 
grains (see Fig. 2a, 3a, 4a). Using the linear method, the determination of the grain size was based on Slovak 
Technical Standard – STN 42 0426. The mentioned linear method enabled us to evaluate the size of the non-
equiaxial deformed grains in longitudinal as well as transversal direction [12]. Based on the value of the length or 
width of the grains (L), the size of the grain (G) was determined using the conversion table. The values presented in 
the Table 4 are in accordance with the assumption leading to the fact that the higher degree of deformation leads to 
the higher value of the length (L) of deformed grains in the longitudinal direction. 
Based on the experimental tests, the obtained hardness values and values of grain size after individual drawing 
steps and after annealing processes are shown in the Table 5. From the given table, it can be seen that fine grained 
structure leads to the higher hardness and it corresponds to the theoretical knowledge. 
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Fig. 2. Microstructure – the 1st drawing step.  
 
Fig. 3. Microstructure – the 2nd drawing step.  
 
Fig. 4. Microstructure – the 3rd drawing step.  
       Table 4. The comparison of the grain lengths with reference to the change of plastic deformation.  
Drawing 
step 
The length of grains (L) in the longitudinal direction before the 
annealing process  (μm) Drawing step Plastic deformation (%) 
1 54.56 1 185 
2 24.73 2 77 
3 22.95 3 81.7 
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    Table 5. The grain hardness and size after the 1st, the 2nd and the 3rd drawing step and after annealing process. 
Drawing Step State Hardness Drawing Step 
Average grain diameter dm (mm) Grain size 
Longitudinal direction Longitudinal direction 
1 after annealing 75.5 HB 1 0.04542 6 
2 after annealing 78.9 HB 2 0.02524 8 
3 after annealing 79.1 HB 3 0.02578 8 
6. Conclusion 
The main objective of the paper was to create the geometric and computational model as well as to make the 
metallographic documentation of the process relating to the cartridge brass casing during the individual stages of 
forming process because of the mutual correlation.  The experimental part was focused on the computational and 
graphic simulation of the course relating to the individual drawing steps. The given simulation was processed in 
program MARC. Furthermore, the hardness measurement and metallographic evaluation of the changes of grain 
shape and grain size after individual forming stages were also investigated. The computational simulation allowed 
us to determine the degrees of deformation after individual drawing steps as well as it allowed us to specify the sites 
for removal of the samples which were analysed form the metallographic aspect. The highest deformation degree 
was observed after the 1st drawing step (185%). In relation to the 2nd and 3rd drawing step, the values were mutually 
comparable (77% and 81.7%). According to the results of hardness measurement, it can be concluded that all 
samples exhibited the lower hardness values after the annealing process while these given values corresponded to 
the values which were determined in the company specification (60 – 85 HB). The lowest hardness value was 
recognized during the 1st drawing step. The hardness values representing the 2nd and 3rd drawing step are mutually 
comparable. The obtained results correspond to the results obtained by the metallographic analysis where the sample 
with the lowest hardness value (it was after the 1st drawing step and after annealing) exhibited also the largest grain 
size. The lower values of grain sizes were recognized in the case of the samples with the higher hardness. According 
to the mentioned facts, it can be pointed out that the grain size is suitable after the 1st drawing step and subsequent 
annealing but it is higher by two degrees in comparison with the 2nd and the 3rd drawing step. The obtained results 
are in the accordance with the theoretical knowledge on the plastic deformation – the higher plastic deformation, the 
higher value of the grain size after annealing process. The grain is possible to be fine and the enhancement can 
be obtained after the little modification of the heat recrystallization regime is performed. The combination of 
numerical modelling and metallographic evaluation can be used as effective system for study of processes relating to 
brass forming. 
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